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METHOD AND SYSTEM OF RADIO COMMUNICATIONS OF TRAFFIC 
Wi^H DIFFERENT CHARACTERISTICS 

TECHNXCAIi FIELD OF THE INVENTION 

The present invention relates to coinmunications - More es- 
pecially it relates to communications over radio links sub- 
5 ject to fading or otherwise intermittently unreliable . 
Particularly it relates to high data rate communications 
over such links . 

BACKGROUND AND DESCRIPTION OF RELATED ART 

High-speed downlink packet access in radio communications 
system for communications of data over radio links in di- 
rection from a radio base station to mobile user equipment 
is previously known. In high-speed downlink packet access 
data is generally buffered as need be and transmitted to 
the receiver at a speed as high as possible considering re- 
cent estimates of channel quality- During periods of se- 
verely disturbed channels data rate is reduced to zero and 
no data is transmitted. In this sense the communication is 
opportunistic . 

Prior art example systems where opportunistic communica- 
tions is incorporated, at least partially, are High Speed 
Downlink Packet Access (in UMTS) , HSDPA, High Data Rate (in 
CDMA2000) , HDR, Selection Diversity Forwarding, SDF, and 
Multiuser Diversity Forwarding, MDF. Selection Diversity 
Forwarding is a routing/ channel access scheme for an unre- 
liable broadcast oriented medium, selecting a preferable 
route of forwarding messages depending on outcome of multi- 
casting and e.g. forward progress, cost progress or queue 
status. MDF is also a routing protocol. SDF and MDF are 
described in U.S. Patent Application No. 2002/0051425 and 
U.S. Patent Application No. 60/461839. 
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In contrast to opportunistic cornmunications conventional 
radio communications utilize a set of one or more radio 
channels, the radio communication system adjusting trans- 
mission power to the various channels by means of transmis- 
5 sion power control striving to achieve (at least) minimum 
quality requirements. Conventional radio communications 
have a long-term record of efficiently carrying voice traf- 
fic and real-time data traffic. Reliability of conven- 
tional data channels may be increased by, e.g., forward er- 
10 ror control, FEC, and automatic repeat request, ARQ. 

Examples of earlier known channel quality measures are 
channel signal to noise ratio, SNR, carrier to interference 
ratio, CIR, received power, received symbol energy, bit er- 
ror rate, BER, and block error rate, BLER. 

15 U.S. Patent US6097703 discloses a multi-hop packet radio 
communication system utilizing opportunistic peak-mode 
transmissions to transmit data between originating and des- 
tination stations via one or more intermediate stations. 
Each station monitors the activity of other stations in the 

20 network, storing connectivity infoirmation for use in subse- 
quent transmissions. Each station also sends out probe 
signals from time to time, to establish which other sta- 
tions are in range. 

N- Souto, J. C. Silva, A. Correia, F. Cercas, A. Rodrigues : 
25 'UMTS AWGN Simulation Results for Uplink, Downlink and 
HSDPA transmissions r ' 2002 describes simulation results in 
terms of BER (bit error rate) and BLER (block error rate) 
of HSDPA (High Speed Downlink Packet Access) - Downlink 
rates up to 3 84 kbps and HSDPA 160 0 kbps and 2352 kbps 
3 0 modes were also simulated. For downlink and HSDPA modes, 
interference is claimed to have no effect in the AWGN chan- 
nel due to the orthogonal features of spreading codes. 
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U.S. Patent Application US2002/0141367 discloses a radio 
• coinmunication system implementing both HSDPA and conven- 
tional asynchronous communications using different logical 
channels for control infoarmation related to HSDPA and DPDCH 
5 (Dedicated Physical Data Channel) respectively. 

3'''^ Generation Partnership Project (3GPP) : Technical Speci- 
fication Group Radio Access Network,. Physical layer aspects 
of UTRA High Speed Downlink Packet Access (Release 4) , 3G 
TS 25.848 V4.0.0, France, March 2001, describes the physi- 
10 cal layer aspects of the techniques behind the concept of 
high-speed downlink packet access (HSDPA) and includes per- 
formance and complexity evaluation of HSDPA. Chapter 6 
discusses HSDPA mapping to physical channels. 

None of the cited documents above discloses separating or 
15 orthogonal i zing respective physical traffic channels for 
opportunistic communications and conventional communica- 
tions . 

SUMMARY OF THE INVENTION 

If conventional communications channels and channels for 
20 opportunistic communications share the same communications 
resources they may interfere. Particularly, power control 
of conventional channels increases transmission power, 
e.g., when the receiver perceives poor signal to noise ra- 
tios due to signal fading. The transmission power is then 
25 controlled to vary basically contrary to the fading. This 
transmission power variation causes correspondingly varying 
interference to, among others, users of opportunistic com- 
munications . Such system generated varying interference 
reduces reliability of channel quality estimates important 
3 0 for opportunistic communications. It also implies require- 
ments on more frequent channel estimates, loading the sys- 
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tern, and overall reduced data rates on the opportunistic 
conimuni cat ions channels • 

Consequently, there is a need of reducing or eliminating 

interference from channels for conventional communications 
5 on channels for opportunistic communications- 

It is consequently an object of the present invention to 
achieve a radio communications system providing increased 
immunity to interference from conventional communications 
channels to opportunistic communications channels . 

10 It is also an object to achieve a system that can exploit 
fading dips of interfering signals for opportunistic commu- 
nications . 

Another object is to achieve a system capable of providing 
transmission opportunities on opportunistic communications 
15 channels for traffic that is traditionally transmitted on 
conventional channels e.g. voice. 

Finally, it is an object to increase system performance and 
allow for overall higher data rates- 

These objects are met by a method and system of channel al- 
2 0 location operating in various domains - 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts two radio communications cells, each com- 
prising a base station, for both conventional and opportun- 
istic radio communications according to the invention. 

25 Figure 2 illustrates one -dimensional domain overlap in 
time domain for TDM (Time Division Multiplex) according to 
the invention. 
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Figure 3 shows separation of conventional communications 
and opportunistic communications in two-dimensional time- 
frequency domain according to the invention. 

DESCRXPTXON OF PRBFERRED EMBODIMENTS 

5 Most radio channels are subject to CIR fluctuations- These 
fluctuations may be due to, e.g., signal strength varia- 
tions (of desired signal) caused by channel induced fading, 
varying interference level due to interference power con- 
trol, interfering signal strength variations caused by 
10 channel induced fading, interference variations due to 
(traffic related) varying number of interfering signals or 
adaptive antennas transmitting interfering signals 
(beamf orming) with varying antenna radiation pattern. 

Opportunistic communications rely heavily on scheduling and 
15 rate control, achieved by e.g. buffering and adaptive cod- 
ing. Thereby, a gain from statistically multiplexing of a 
great number of user channels can be achieved, such that at 
least one user can make use of the communications resources 
at, at least intermittently, great performance. Conse- 
2 0 quently, for a particular user the scheduling is dependent 
on time and frequency variations of the communication chan- 
nel allocated to the user. Due to the statistical multi- 
plexing overall performance can be increased and high data 
rate communications achieved also for channels historically 
25 considered unreliable due to e.g. CIR fluctuations. 

If conventional communications channels and channels for 
opportunistic communications share the same communications 
resources, however, they may interfere. Particularly, 
power control of conventional channels increases transmis- 
30 sion power, e.g., when the receiver perceives poor signal 
to noise ratios due to signal fading. The transmission 
power varies basically contrary to the fading. This trans- 
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mission power variation causes correspondingly varying in- 
terference to among others users of opportunistic communi- 
cations . Such system generated varying interference re- 
duces reliability of channel quality estimates important 
5 for opportunistic communications. It also implies require- 
ments on more frequent channel estimates, loading the sys- 
tem, and overall reduced data rates on the opportunistic 
communications channels . 

According to a preferred embodiment of the invention con- 
10 ventional and opportunistic communications are split in 
non-overlapping or minimally overlapping channels in one- 
dimensional domain, such as on a time-grid for TDM (Time 
Division Multiplex) - 

According to a second embodiment, the different communica- 
15 tions are split in two-dimensional domain, such as time- 
frequency for OFDM (Orthogonal Frequency Division Multi- 
plex) . 

In a further embodiment the channels are separated in code 
domain, to be used as one-dimensional separation or com- 

2 0 bined with one or more other one- or plural-dimensional do- 
main separations to minimize cross-characteristics inter- 
ference. Example codes are LAS (Large Area Synchronized) 
spreading codes. The invention is applicable in general to 
separation in arbitrary dimensional domain, where the plu- 

25 ral-dimensional domain includes time, frequency or code. 

Preferably, according to the invention interference in 
terms of signal to interference ratio is minimized. How- 
ever, most interference related quality measures, such as 
those mentioned on p. 2, could be applied. 



3 0 A particular problem entails from neighboring cells, where 
conventional communications of one cell may interfere with 
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opportunistic coinraunications of another cell. To minimize 
the risk of interference between cells where demand for 
conventional and opportunistic communications differ be- 
tween cells, and hence some overlap will occur if all chan- 
5 nels are occupied, different modes of the invention allo- 
cates channels such as to minimize use of common resources 
considering a limited number of domain dimensions - 

Figure 1 depicts two radio communications cells «Cell 1», 
«Cell 2»r each comprising a base station «BS 1», «BS 2», 

10 for both conventional and opportunistic radio communica- 
tions according to the invention. Depending on, among 
other things, geographical distance and terrain between 
neighboring radio communications cells «Cell 1», «Cell 2» 
radio emissions from the respective base stations antennas 

15 may interfere with (desired) communications of the neigh- 
boring cell - 

Figure 2 illustrates one-dimensional domain time-overlap 
for TDM. In a first radio communications cell «Cell 1», 
three time slots «C11», «C12», «C13» out of eight «C11», 

2 0 «C12», «C13», «011», «012», «013», «Ol4», «Ol5» are allo- 

cated for conventional communications and five time slots 
«011», «Ol2», «013», «Ol4», «Ol5» are allocated for oppor- 
tunistic communications. In a second cell «Cell 2» five 
time slots «C21», «C22», «C23», «C24», «C25» are allocated 
25 for conventional communications and three «021», «022», 
«023» for opportunistic communications. As the fractional 
allocation of conventional and opportunistic communications 
is different for cells 1 and 2 and all time slots are allo- 
cated, opportunistic communications time-slots in cell 2 

3 0 cannot be completely separated from conventional communica- 

tions time-slots of cell 2 in a one-dimensional domain such 
as time-domain. The interference in this example alloca- 
tion is minimized when the number of overlapping time slots 
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of different communications in the two cells is minimized . 
In the figure, two time-slots of opportunistic communica- 
tions «Oll», «012» of cell 1 overlap in time with two time- 
slots of conventional communications «C24», «C2 5» of cell 
5 2. 

Figure 3 shows separation of conventional communications 
and opportunistic communications in two-dimensional time- 
frequency domain • In a first cell «Cell 1» of a cellular 
radio communications system a number of time- frequency 

10 slots «125» are allocated for conventional communications 
and a number of slots allocated for opportunistic communi- 
cations «134», «144», «152», «152». In a second radio cell 
«Cell 2» the allocation is somewhat different due to dif- 
ferent demand on conventional and opportunistic communica- 

15 tions channels, respectively- A time- frequency slot «225», 
for which corresponding slot in cell 1 «125» was allocated 
for conventional communications, is allocated for opportun- 
istic communications and four time- frequency slots «23 4», 
«244», «252», «2 62», with correspondences «134», «144», 

2 0 «152», «162» allocated for opportunistic communications in 
cell 1, are allocated for conventional communications- For 
both slot allocations of figure 3 the time- frequency range 
is identical. Obviously five slots «225», «234», «244», 
«2 52», «2 62» of cell 2 overlap in time and frequency with 

25 «125», «134», «144», «152», «162» of cell 1. The number of 
overlapping time- frequency slots may be reduced to three by 
e-g. swapping allocations of two slots of cell 1 for which 
cell 2 has a different allocation. If, e.g., slot «125» 
were allocated for opportunistic communications and slot 

30 «13 4» allocated for conventional communications the alloca- 
tions would be of same types for both radio cells «Cell 1», 
«Cell 2» for all by three time-slots «144», «152», «162», 
«2 44», «252», «2 62». 
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The two-dimensional example above illustrates that inter- 
ference effect may be reduced not only by minimizing number 
of overlapping slots, but also by careful selection of 
which communications should be subject to interference from 
5 neighbor-cell slots with communications of different char- 
acteristics. Also, instead of reducing niomber of overlap- 
ping slots, a "sufficiently small" interference could be 
accepted an approximate minimiom when further minimization 
would yield no or small perceived quality improvement. As 
10 mentioned above, the criteria to minimize, for true minimum 
or satisfaction, could be e.g. signal to interference ra- 
tio, SIR, or any of the criteria mentioned on p. 1 such as 
carrier to interference ratio, CIR. 

In one mode of the invention it is adapted for combination 
15 with various well-known means of controlling the resource 
allocation in a dynamic manner incorporating centralized or 
decentralized/distributed resource allocation. The adapta- 
tion time schedule on which the resources are allocated may 
be long or short term. For the short term, resource allo- 

2 0 cation can change from call to call, or even adapt to in- 

stantaneous channel conditions, whereas the long term allo- 
cation may change, on a diurnal basis, e.g. between peak 
hours and off-peak hours. The resource allocation can also 
be of static nature defined at system initiation. 

25 Figure 4 schematically illustrates equipment «Equipment» 
according to the invention. A number of information 
sources «Source 1», «Source 2», «Source n» comprising, 

e.g., speech or data are connected 1, 2, n to the equip- 

ment which may be fixed radio equipment, e.g. equipment of 

3 0 a radio access network, or mobile equipment, e.g. user 

equipment. For equipment of a radio access network, the 
sources may be connected through a gateway (not illus- 
trated) or other network equipment, the radio access net- 
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work equipment separating and transmitting conventional and 
opportunistic «Opportunistic» communications over N conven- 
tional slots /channels «Conventional» and M opportunistic 
slots/channels «Opportunistic», for non-negative integers N 
5 and M, as described in relation to figures 2 and 3 . 

For mobile equipment one or more sources «Source 1», 
«Source 2», «Source n» of figure 4 may be related to 

equipment integrated within, e,g., a mobile station, such 
as stored data or applications, or be connected to, e.g., a 
10 mobile station essentially operating as an interface for 
information transfer. In a preferred mode of the inven- 
tion, the mobile equipment receives information from a net- 
work controller related to particular allocation of the 
traffic channels on a control channel (not illustrated) . 

15 The network allocation control can be centralized, decen- 
tralized or distributed. With centralized control the net- 
work controller is responsible for channel allocation 
within a wide area, such as for a switching center or ac- 
cess point to the Internet, with a plurality of base sta- 

2 0 tions «BS 1», «BS 2», In a decentralized realization local 

network controllers are responsible for channel allocation, 
that nevertheless is coordinated between neighboring areas, 
for which local network controllers are responsible. In a 
distributed system, the local controllers have limited re- 
25 sponsibility and assist one or more central controller to 
achieve the final allocation. Decentralized or distributed 
allocation control is not restricted to radio access net- 
work controllers but can include mobile equipment. 

The invention is not intended to be limited only to the em- 

3 0 bodiments described in detail above. Changes and modifica- 

tions may be made without departing from the invention. "It 
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covers all modifications within the scope of the following 
claims . 



